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(54) Ink for ink Jet recording and image forming metliod using the same 

(57) An Ink composition for ink jet recording is pro- 
vided which can meet many property requirements for 
an ink composition used in ink jet recording and, in addi- 
tion, can yield a good image on a recording medium 
having a layer comprising a water-soluble resin. An ink 
jet recording method using the same is also provided. 
An ink composition comprising a pigment as a colorant, 
an anionic surfactant having a polyoxy ethylene group, a 
dispersant, and water is used to record an image on a 
recording medium having a layer comprising a water- 
soluble resin by ink jet recording. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field Of the Invention 

The present invention relates to an Ink composition for Ink jet recording and an image fbmiing method using the 
same. 

10 Background Art 

Ink jet recording methods are classified into static electricity-driven ejection, air pressure-driven ejection, thermal 
bubble formation-driven ejection, piezoelectric device deformation-driven ejection and the like. In the Inkjet recording 
methods, basically, ink droplets are generated and deposited onto a recording sheet to form an image. 

75 Inks used in the Inkjet recording are required to have properties including that the ink does not undergo any change 
in properties during storage, does not clog nozzles of the print head, does not yield an unacceptable image due to color- 
to-color intermixing (hereinafter referred to as "color bleeding") in an area where inks of different colors are superim- 
posed on top of each other or one another, can yield a high-density image, and can yieW an image possessing abrasion 
resistance, lightfastness. and waterfastness. Although water-soluble dyes have been mainly used as colorants for the 

20 ink In the above methods, use of inks using pigments has been proposed from the viewpoint of improving the lightfast- 
ness and the waterfastness of the image. 

A number of proposals have been made on the formation of high-quality images not only by improving ink compo- 
sitions but also by Improving properties of recording media, such as ink ak)sorption. Such recording media have been 
put on the market and widely used in the art In most of these recording media, a layer comprising a water-soluble resin 

25 Is provided on a substrate, and an Ink is absorbed into the layer comprising a water-soluble resin to form an image. 

SUMMARY OF THE INVENTION 

The present inventors have now found that an Ink composition comprising a pigment in combination with an anionic 
30 surfactant having a polyoxyethylene group can meet many property requirements for ink compositions used in ink jet 
recording and, in addition, can yield a good image on a recording medium having a layer comprising a water-soluble 
resin. The present Invention has been made based on such finding. 

Accordingly, an object of the present invention is to provide an ink composition which, by ink jet recording, can yield 
a high-quality image on a recording medium comprising a substrate bearing a layer comprised of a water-soluble resin. 
35 Another object of tiie present invention is to provide an Inkjet recording method using the above ink composition. 

According to one aspect of the present invention, tiiere is provided an Ink composition for ink jet recording on a 
recording medium, comprising a pigment as a colorant an anionic surfactant having a polyoxyethylene group, a disper- 
sant and water, wherein the recording medium comprises a sul^strate bearing a layer comprising a water-soluble resin. 

40 PETAILEP PESCRIPTIQN QF THE INVENTIQN 
Recordlno medium 

Recording media suitable for image recording using the Ink composition of the present invention are such that a 

45 substrate bears a layer comprising a water-soluble resin. 

In the present invention, the water-soluble resin is not particularly limited so far as it, when incorporated into tiie 
layer provided on tiie substrate, can absorb and fix an ink conposition and develop a color of the ink composition. Spe- 
cific examples of preferred water-soluble resins include nonionic resins having hydroxyl. carbonyl. polyethyleneoxyl, 
alkoxy. lactams, and ester groups as a functional group for rendering the resins water-soluble; cationic resins having 

so salts of inorganic or organic acids of amino and Imino groups as a functional group for rendering the resins water-solu- 
ble; anionic resins having alkali metal salts or ammonium salts of sulfonic, carbcxylic, and phosphoric groups as a func- 
tional group for rendering the resins water-soluble: and amphoteric resins having a cationic functional group and an 
anionic functional group in combination as a functional group for rendering the resins water-soluble. 

More specifically, examples of nonionic resins usable herein include syntiietic resins, such as polyvinyl alcohol, pol- 

55 yvinyl pynrolkione, polyvinyl methyl ether, polyetiiylene oxide, polyetiiylene glycol, polyetiiylene glycol monomethyl 
ether, polypropylene glycol, polyacrylamide, vinyl alcohd/vinyl acetate copolymer, partially fbrmalated polyvinyl alcohol, 
partially butyralated polyvinyl alcohol, polyvinyl butyral, and vinylpyrrolidone/vinyl acetate copolymer; cellulose deriva- 
tives, such as methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, ethylhydroxyethyl cellulose, hydroxypropylmethyl 
cellulose, and hydroxypropyl cellulose; and starch derivatives, such as hydroxyalkyi starch, starch acetate, crosslinked 
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starch, dextrin, and dextran. 

Examples of cationic resins usable herein include starch derivatives, such as cationic starch, synthetic resins, such 
as poly(4-vinylpyridine) salts, polyamide. pdyallylamine salt, and polyethyteneimine salt. 

Examples of anionic resins usable herein include cellulose derivatives, such as carboxymethyl cellulose salts and 
5 viscose; naturally occun'ing resins, such as salts of alginic acid, gum arable, tragacanth gum, and salts of ligninsulfonic 
acid; starch derivatives, such as starch phosphate and carboxymethyl starch salts; and synthetic resins, such as salts 
of pdyacrylic acid, salts of polymethacrylic acid, salts of polyvinyl sulfate, salts of pdyvinylsulfbnic acid, salts of con- 
densed naphthalenesulfbnic add, salts of poly(ethylene/acryllc acid). styrene/saK of acrylic acid copolymer, styrene/salt 
of methacrylic acid copolymer, acrylic ester/salt of acrylic acid copolymer, acrylic ester/salt of methacrylic acid copoly- 
10 mer, methacrylic ester/salt of acrylic acid copolymer, methacrylic ester/salt of methacrylic acid copolymer, styrene/salt 
of itaconic acid copolymer, itaconic ester/salt of itaconic acid copolymer, vinylnaphthalene/salt of acrylic acid copoly- 
mer, vinylnaphthalene/salt of methacrylic add copolymer, and vinylnaphthalene/salt of Itaconic acid copolymer. 

Examples of amphoteric resins usable herein indude naturally occurring resins, such as gelatin, albumin, and 
casein. 

15 According to a preferred embodiment of the present invention, among the above water-soluble resins, polyvinyl 
alcohol derivatives, such as polyvinyl alcohol and/or vinyl alcohol/vinyl acetate copolymer, partially formalated polyvinyl 
alcohol, partially butyrated polyvinyl alcohol, and polyvinyl butyral are particularly preferred. 

Substrates usable in the recording medium include papers comprising cellulose fibers, such as pulp, synthetic 
papers comprising synthetic resin fibers, and films prepared by sheeting of naturally occurring or synthetic resins, and 

20 prefen'ed are synthetic resin films, such as films of polyethylene terephthalate (PE"n and polyvinyl chloride (PVC). 

A recording medium suitable for recording of an image using the ink composition of the present invention may be 
produced by a process which comprises: dissolving the above water-soluble resin In water and/or an organic solvent to 
prepare a coating liquid; either coating the coating liquid on a substrate by means of a roll coater. an air knife coater, a 
blade coater, a rod coater. a bar coater, a Komma coater. a gravure coater. a size press or the like or immersing the 

25 substrate in the coating liquid and pulling up the substrate from the coating liquid; and drying the coated substrate. The 
organic solvent is not particularly limited so lar as it can dissolve the water-soluble resin. Examples of preferred organic 
solvents indude alcoholic organic solvents, such as methanol, ethanol. 1-propanol, and isopropanol. 

According to a preferred embodiment of the present invention, the thickness of the layer comprising a water-soluble 
resin in the recording medium is preferably not less than 5 jim on a dry basis. When the thickness is not less than 5 ^m, 

30 the ink absorption is satisfactory and. at the same time, suitable drying rate and abrasion resistance of the image can 
be ensured. 

Further, according to a preferred embodiment of the present invention, the addition of a cationic, anionk:, ampho- 
teric, or nonionic surfactant to the layer comprising a water-soluble resin (that is. addition of the coating liquid followed 
by coating of the coating liquid), or coating of the surfactant as a solution in water and/or an organic solvent on the layer 

35 comprising a water-soluble resin is preferred from the viewpoint of improving the wetting property of the ink. In this 
embodiment, examples of cationic surfactants usable herein include aliphatic amine salts, aliphatic quaternary ammo- 
nium salts, benzaltonium salts, benzethonlum chlorkle. pyrkiinium salts, and imklazolinium salts. Examples of anionic 
surfactants usable herein include fatty add soaps. N-acyl-N-methylglycine salts, N-acyl-N-methyl-p-alanine salts, salts 
of N-acylglutamic acid, salts of alkylether carboxylic add. acytated peptide, salts of alkylsulfbnic acid, salts of alkylben- 

40 zenesulfbnic acid, salts of alkylnaphthalenesulfonic add, polycondensate of salts of naphthalenesulfonic acid with for- 
malin, salts of dialkylsulfosuccinic esters, salts of alkylsuifbacetic adds, salts of a-olefinsulfbnic acids, N- 
acylmethyltaurine, sulfated dis. higher alcohol sulfuric ester salts, secondary alcohol sulfuric ester salts, alkyl ether sul- 
fates, secondary higher alcohol ethoxysulfates. polyoxyethylene alkylphenyl ether sulfates, monoglysuifates, fatty acid 
alkylol amidosulfuric ester salts, alkyl ether phosphoric ester salts, and alkyfphosphoric ester salts. Examples of 

45 amphoteric surfactants usable herein include cartx>xybetaine type, sulfobetaine type, salts of aminocarboxytic acid, and 
imKlazolinlumbetaine. Examples of nonionic surfactants usable herein include pdyoxyethylene alkyl ethers, polyoxyeth- 
ylene secondary alcohd ethers, polyoxyethylene alkylphenyl ethers, pdyoxyethylene sterol ether, polyoxyethylene lan- 
oline derivatives, ethylene oxkle derivatives of alkyl phenol/formalin condensates, polyoxyethylene polyoxypropytene 
block polymer, polyoxyethylene polyoxypropylene alkyl ethers, polyoxyethylene glycerin fatty ackj esters, polyoxyethyl- 

50 ene castor oil. hardened castor oil. polyoxyethylene sorbltan fatty add esters, polyoxyethylene soibitol fatty add esters, 
polyethylene glycol fatty acid esters, fatty acid monoglycerides, polyglycerkie fatty acid esters, sorbltan fatty add esters, 
propylene glycol fatty acid esters, sucrose fatty add esters, fatty acid alkandamides. pdyoxyethylene fatty acid amkJe, 
polyoxyethylene alkylamines, alkylamine oxides, acetylene glycol, and acetylene alcohol. 

According to a preferred embodiment of the present invention, the addition of various additives to the layer com- 

55 prising a water-soluble resin (that is. addition of the coating liquid followed by coating of the coating Ikijuid), or coating 
of the additives as a solution in water and/or an organic solvent on the layer comprising a water-soluble resin is pre- 
ferred from the viewpoint of improving the ink absorption and color development of the recording medium. Examples of 
additives usable herein indude silica, alumina, clay. talc, diatomaceous earth, caldum cark)onate. calcium sulfate, bar- 
ium sulfate, aluminum silicate, magnesium silicate, basic magnesium carbonate, magnesium hydroxide, titanium oxide. 
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synthetic zeolite, zinc oxide, and white day. 
InkcompQ^itipn 

5 The ink composition according to the present invention basically conrprises a pigment as a colorant, an anionic sur- 
factant having a polyoxyethylene group, a dispersant, and water. 

The ink composition according to the present invention meets many property requirements for the ink composition 
used in ink jet recording. In particular, the ink composition according to the present Invention is less likely to cause clog- 
ging of the nozzles. Even though the ink composition according to the present invention dries at the front end of the noz- 

10 zles and clogs the nozzles, the dried ink can be easily removed by cleaning operation. This permits ink jet recording to 
be stably performed. Further, when the ink composition according to the present invention is used to record an image 
on tile recording medium having a layer comprising a water-soluble resin by Inkjet recording, the ink is laterally spread 
in the layer to increase dot diameter. This permits a blotted image (1 00% duty) to be formed even when the amount of 
the ink is small. That is, use of a small amount of the Ink suffices for realizing a high-quality Image. When the dot diam- 

15 eter is unsatisfactory, no good blotted image can be formed, leading to a fear that an unacceptable image such as that 
suffering from dropouts is formed. Increasing the amount of the ink deposited is considered effective for ensuring tiie 
dot diameter. However, there is a limitation on the amount of the ink absorbed into the layer comprising a water-soluble 
resin, and ttie anrount of the ink exceeding the limit leads to a fear that feathering of the image is created. Further, In 
order to realize a color image, a plurality of ink compositions should be deposited on a recording medium. Therefore, in 

20 some cases, tiie amount of tiie ink deposited cannot be simply increased. The ink composition of tiie present invention, 
even when used in a small amount, can realize a high-quality image on a recording medium having a layer comprising 
a water-soluble resin. Thus, the ink composition of the present invention can expand the applicability of the recording 
medium having a layer comprising a water-soluble resin. 

In the ink composition according to the present invention, inorganic and organic pigments may be used as the pig- 

25 ment without any particular limitation. Specific examples of pigments usable herein include black pigments, such as car- 
bon blacks (C.I. Pigment Black 7), such as furnace black, lamp black, acetylene blacK and channel black, metal oxides, 
such as copper oxide, iron oxide (C.I. Pigment Black 11), and titanium oxkle, and organic pigments, such as aniline 
black (C.I. Pigment Black 1); yellow pigments, such as Fast Yellow Q (C.l. Pigment Yellow 1). disazo yellow AAA (C.I. 
Pigment Yellow 12), yellow iron oxide (C.l. Pigment Yellow 42), disazo yellow HR (C.l. Pigment Yellow 83), and C.l. Pig- 

30 ment Yellows. 13. 14. 17, 24. 34, 35. 37, 53, 55, 81, 95, 97, 98, 100. 101. 104. 108. 109. 110. 117. 120. 138. and 153; 
magenta pigments, such as Brilliant Fast Scarlet (CI. Pigment Red 22), Permanent Red 2B (Ba), (C.l. Pigment Red 
48:2). Permanent Red 2B (Ca) (CI. Pigment Red 482), Permanent Red 2B (Sr) (CI. Pigment Red 48:3), Permanent 
Red 2B (Mn) (C.l. Pigment Red 48:4), Brilliant Carmine 6B (C.l. Pigment Red 57:1). Rhodamlne 6G Lake (C.l. Pigment 
Red 81). iron oxide red (C.l. Pigment Red 101). Cadmium Red (C.l. Pigment Red 108). Quinacridone Magenta (C.l. Pig- 

35 ment Red 122), CI. Pigment Red 1, 2. 3, 5, 17. 23, 31, 38, 49:1, 52:2, 53:1. 60:1, 63:1, 63:2, 64:1, 83. 88, 104, 105, 
106, 112, 114. 123, 146, 149, 166. 168, 170, 172, 177, 178. 179, 185, 190, 193, 209. and 219; cyan pigments, such as 
Phthalocyanine Blue R (C.l. Pigment Blue 15). Phthalocyanine Blue G (C.l. Pigment Blue 15:3), Phthalocyanine Blue E 
(CI. Pigment Blue 15:6). C.l. Pigment Blue 1. 2. 15:1. 15:2. 15:4. 16. 17:1. 56. 60, and 63. 

In the ink composition according to the present invention, one or more pigments may be added according to need. 

40 The amount of tiie pigment added to tiie ink is preferably in tiie range of from 0.5 to 30% by weight. When the amount 
is not less than 0.5% by weight, satisfactory image density can be provided. On the other hand, when it is not more than 
30% by weight, the storage stability of ttie ink can be ensured and the viscosity of ttie ink can be modified so that the 
ink can be ejected by the Inkjet recording metiiod. 

In the ink composition of the present invention, a dispersant is used in order to stably disperse ttie pigment. Pre- 

45 ferred dispersants include known dispersants used in the preparation of known pigment dispersions, for example, pol- 
ymer dispersants and surfactants. 

Prefen-ed examples of the polymer dispersant include naturally occurring polymers, and examples thereof include 
proteins such as glue, gelatin, casein, and albumin; naturally occurring rubbers such as gum arable and tragacantti 
gum; glucosides such as saponin; alginic acid and alginic acid derivatives such as a propylene glycol ester of alginic 

so acid, trietiianolamine alginate, and ammonium alginate; and cellulose derivatives such as methyl cellulose, carboxyme- 
thyl cellulose, hydroxyethyl cellulose, and ethylhydroxyethyl cellulose. 

Furtiier preferred examples of the polymer dispersant include synthetic polymers including polyvinyl alcohols; pol- 
yvinyl pyrrolidones; acrylic resins such as polyacrylic acid, polymettiacrylic acid, a copolymer of acrylic add with acry- 
lonitrile. a copolymer of potassium aaylate with acrylonitrile. a copolymer of vinyl acetate with an acrylic ester, and a 

55 copolymer of acrylic acid witii an alkyi ester of acrylic ackJ; styrene/acrylic acid resins such as a copolymer of styrene 
with acrylic acid, a copolymer of styrene witti mettiacrylic acid, a copolymer of styrene witii acrylic acid and an alkyI 
ester of acrylic add. a copolymer of styrene witii methacrylic add and an alkyI ester of acrylic add, a copolymer of sty- 
rene with a-methylstyrene and acrylic add. a copolymer of styrene witii a-metiiylstyrene, acrylic acid and an alkyl ester 
of acrylic acid; a copolymer of styrene with maleic add; a copolymer of styrene with maleic anhydride; a copolymer of 
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vinylnaphthalene with acrylic add; a copolymer of vtnylnaphthalene with maleic acid; and vinyl acetate copolymers 
such as a copolymer of vinyl acetate with ethylene, a copolymer of vinyl acetate with fatty add vinylethylene, a copoly- 
mer of vinyl acetate with a maleic ester, a copolymer of vinyl acetate with aotonic acid, and a copolymer of vinyl acetate 
with acrylic acid; and salts of the above polymers. Among them, a copolymer of a monomer having a hydrophobic group 

5 with a monomer having a hydrophilic group and a polymer of a monomer having a combination of a hydrophobic group 
with a hydrophilic group are particularly preferred. E)»mple of the atX3ve salt indude diethylamine, ammonium, ethyl- 
amine, triethylamlne, propylamine, isopropylamine. dipropylamine, butylamine. isobutylamine. triethanolamine. dieth- 
anolamine, aminomethyt propanol, and morphoilne salts. A water-soluble resin soluble In a solution of an amine or other 
bases in water is particularly preferred. The weight average molecular weight of the above copolymer is preferably 

10 3,000 to 30,000, still preferably 5.000 to 15,000. 

Examples of surfactants preferable as the dispersant indude anionic surfactants such as a salt of a fatty add, a salt 
of a higher alkytdicart)oxylic acid, a salt of a higher alcohol sulfuric ester, a salt of a higher alkylsuKbnic acid, a conden- 
sate of a higher fatty acid with an amino acid, a salt of a sulfosuccinic ester, a salt of naphthenic acid, a salt of a liquid 
fatty oil sulfuric ester, and a salt of an alkylallyisulfonic acid; cationic surfactants such as a fatty acid amine salt, a qua- 

15 ternary ammonium salt, a sulfonium salt, and a phosphonium salt; and nonlonic surfactants such as a polyoxyethyl^ne 
alkyi ether, a polyoxyethyiene alkyi ester, a sorbitan alkyt ester, and a polyoxyethylene sorbitan alkyi ester. 

Particularly preferred resin dispersants are such that a styrene/acrylic add copolymer constitutes the molecular 
skeleton and the weight-average molecular weight (hereinafter referred to as "MW") is 1.600 to 25.000 with the acid 
value (hereinafter referred to as "AV") being 100 to 250. Such dispersants are commercially available, and examples 

20 thereof indude those commercially available from Johnson Polymer Corp., such as Joncryl 68 (MW: 10.000, AV: 195), 
Joncryl 679 (MW: 7.000, AV: 200). Joncryl 680 (MW: 3,900, AV: 215), Joncryl 682 (MW: 1.600. AV: 235). Joncryl 550 
(MW: 7,500. AV: 200). Joncryl 555 (MW: 5.000. AV: 200). Joncryl 586 (MW: 3,100. AV: 105). Joncryl 683 (MW: 7.300. 
AV: 150). and B-36 (MW: 6.800, AV: 250). The amount of the dispersant added is preferably in the range of from 0.05 
to 30% by weight based on the pigment. 

25 According to a preferred embodiment of the present invention, the addition of an additive capable of forming a salt 
with the above resin dispersant is preferred from the viewpoint of dissolving the resin dispersant in the ink. Prefa'red 
examples of such additives Include aminomethyl propanol, 2-amino-isopropanol, triethanolamine. morpholine, and 
ammonia. The use of the above additive in an amount of a neutral equivalent of the resin dispersant or larger suffices 
for attaining the contemplated purpose. Further, preferably, isopropylene glycol. 2-propanol or the like maybe added as 

30 a dissolution aid of the resin dispersant. 

Examples of anionic surfactants having a polyoxyethylene group which may be used in the ink composition accord- 
ing to the present invention include polyoxyethylene alkyi ether sulfates, polyoxyethylene alky^henyl ether sulfates, 
polyoxyethylene styrenated phenyl ether sulfates, polyoxyethylene alkyi ether phosphates, and polyoxyethylene alkyl- 
phenyl ether phosphates. Among them, polyoxyethylene alkyi phenyl ether sulfates are prefen-ed with polyoxyethylene 

35 nonylphenyl ether sulfates being most preferred. Counter ions capable of forming salts with such anionic surfactants 
include inorganic ions, such as potassium, sodium, and ammonium ions, and organic amines, such as monoeth- 
anolamine, cfiethanolamine, and triethanolanrvne. Among them, ammonium ions are most preferred. They nfiay be 
added either alone or in any combination of two or more of them. 

In the ink composition according to the present Invention, the anionic surfactant Is expected to act In such a manner 

40 that the recording medium is evenly wetted with the ink while ensuring the storage stability of the Ink composition. The 
amount of the anionic surfactant added may be suitably determined so that the effect of the present invention can be 
attained and. especially, the above action can be realized. For example, it is preferably in the range of from 0.01 to 5.0% 
by weight. When the amount of the anionic surfactant added is in the above range, redlspersion of the pigment In water 
by the anionic surfactant can be inhibited, advantageously ensuring better water resistance of the printed image. 

45 According to a prefenred embodiment of the present invention, the ink composition according to the present inven- 
tion may further comprise a resin emulsion and/or a saccharide. 

The addition of the resin emulsion permits color bleeding to t>e effectively prevented and. in addition, results in fur- 
ther improved storage stability of the ink composition. The reason why this effect can be attained has not been eluci- 
dated yet. it is believed as follows. Interaction between the resin emulsion and the pigment In the ink composition results 

so in improved dispersion stability of the pigment. This interaction occurs also upon superposition of inks of different colors 
at the time of the formation of an image, increasing the apparent partide diameter to inhibit mixing of the inks, which 
results in the prevention of color bleeding. 

TTie addition of the saccharide can offer ^e effect of improving the color development of an Image formed on the 
recording medium having a layer comprising a water-soluble resin. Although the reason why this effect can be attained 

55 has not been elucidated yet, it is believed to reside in that the addition of the saccharide permits the ink composition to 
be evenly penetrated into the layer comprising a water-soluble resin. This effect can be further inrproved by the addition 
of a resin emulsion containing a saccharide. 

In the present invention, the resin emulsion refers to an emulsion comprising a continuous phase of water and a 
dispersed phase of the following resin component. Specific examples of resin components usable in the dispersed 
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phase include styrene/acrylic est©' copolymer, polyacryllc ester, polymethacrylic ester, styrene/methacryllc ester copol- 
ymer, polystyrene, polyethylacrylic ester, styrene/butadiene copolymer, acrylonitrile/butadlene copolymer, chloroprene 
copolymer, crosslinked acrylic resin, crosslinked styrene resin, fiuororesin, vinylidene fluoride resin, benzoguanamine 
resin, polyolefin resin, styrene/acrylamide copolymer, n-isobutyl acrylate resin, polyaayfonitrile, vinyl acetate resin, 
polyacrylamide, polyvinyl acetal, rosin resin, polyethylene, polyvinylidene chloride, ethylene/vinyl acetate copolymer, 
vinyl acetate/acrylic acid copolymer, and polyvinyl chloride. These resin components are preferably polymers having 
both a hydrophilic portion and a hydrophobic portion. 

The particle diameter of the resin component is not particularly limited so far as an emulsion can be formed. How- 
ever, it is preferably not more than 150 nm from the viewpoint of ensuring the dispersion stability. 

Further, commercially available resin emulsions may also be used, and examples thereof include Microgel E-1002 
and E-5002 (styrene/acrylic resin emulsion, manufactured by Nippon Paint Co., Ltd.), SAE-1014 (styrene/acrylic resin 
entulsion. manufactured by Nippon Zeon Co., Ltd.), and Saivinol SK-200 (acrylic resin emulsion, manufactLred by 
Saiden Chemical Industry Co., Ltd). 

The above resin emulsion may be added either alone or in combination of two or more according to need. The 
amount of the resin emulsion added to the ink is preferably in the range of from 0. 1 to S% by weight in terms of the resin 
solid content. 

Saccharides which may be added to the ink composition of the present invention include monosaccharides, disac- 
charides. oligosaccharides (including trisaccharides and tetrasaccharides), and other polysaccharides and derivatives 
thereof. Specific examples thereof include glucose, mannose, fructose, ritx>se, xylose, arabinose. galactose, glucitol 
(sorbitol), maltose, maltitol. cellobiose, lactose, suaose (saccharose), trehalose, and maltotriose. Further examples 
thereof include reducing sugars of the above saccharides (specifically, sugar alcohols represented by the general for- 
mula HOCH2(CHOH)nCH20H, wherein n Is an integer of 2 to 5), oxidizing sugars (specifically, aldonic add or uronic 
acid), amino adds, and thiosugars. The term "poloysaccharide" used herein means saccharides in the broad sense as 
including substances which exist widely in the world of nature, such as alginic acid, a-cyclodextrin, and cellulose. The 
saccharides may be used either alone or in combination of two or more. 

The amount of the saccharide added to the ink composition is preferably in the range of frcmi 0.1 to 40% by weight. 
When it is in tiie above range, good moisture retention can be imparted to tiie ink composition and, at the same time, 
the viscosity of tiie ink can be modified so that tiie ink can be ejected by the ink jet recording metiiod. 

Pure water and ultrapure water, such as ion-exchanged water, water purified by ultrafiltration or reverse osmosis, 
and distilled water, are prefen-ed as water for constituting the ink composition according to tiie present invention. When 
the ink is stored for a long period of time, use of water sterilized by ultraviolet irradiation, f eatment with hydrogen per- 
oxKle or tiie like is preferred from the viewpoint of preventing growtii of mold and bacteria. 

The ink composition of tiie present invention may further comprises a humectant from the viewpoints of preventing 
clogging of nozzles and improving the moisture retention and storage stability. 

The humectant is preferably a water-soluble, high-boiling, low-volatile organic solvent. Specific examples thereof 
include alcohols, such as ethylene glycol, propylene glycol. 1 ,3-butanediol. 1,4-t}utanediol. 1.5-pentanediol. 2-butene- 
1.4-diol. 2-methyl-2.4-pentanediol, glycerin, and 1.2,6-hexanetriol; etiiers, such as diethylene glycol dimethyl etiier, 
diethylene glycol diethyl ether, diethylene glycol mono-n-butyl etiier. triethylene glycol mono-n-butyl ether; ketones, 
such as acetonylacetone and methyl etiiyl ketone; esters, such as v^butyrolactone. diacetin. ethylene cartx>nate, and 
trietiiyl phosphate; nitrogen compounds, such as formamlde, dimethyl formamide, dietiiyl formamide. dimethyl aceta- 
mide. 2-pyrrolklone. and N-methyl-2-pyn'oridone; sulfur compounds, such as dimethyl sulfoxide, sulfolane. and 1,3-pro- 
pane sultone; carboxylic acid amides, such as lactamkie, acetamide. N-metiiylacetamide. metiiyl cart)amate. ettiyt 
carbamate. £-caprolactam, y-valerolactam. a-pyridone, and isatin; carboxylic acid derivatives for lactones, such as glu- 
conic lactone; and polyfunctional compounds, such as 2-amino-2-hydroxymethyl-1,3-propanedid. 2-amino-2-methyl-1- 
propanol. bis(hydroxyethyl)terephthalate . N,N'-dlmethyl-1.3-propanediamine. 2.2<limethyl-1.3-propanedid. ethyl gallic 
acid. 2-etiiyl-2-(hydroxymetiiyl)-1.3-propanediol. glutaric anhydride, glycol amide, 2-hydroxymethyl-2*methyl-1.3-pro- 
panediol. imidazole, 2-imidazolkJinone. niootinamkJe. 1.1'.r-nitro-tri-2-propanol, sucdnimide, 1,2,3,6-tetrahydrophtal- 
imide. N,N,N'.N'-tetrakis(2-hydroxyetiiyl)etiiylenediamine. N,N,N'.N'-tetrakis(2-hydrQxypropyl)ethylenediamine, 
thiourea, 2.2,4-trimethyl-1,3-pentanediol, 2-metiioxyethanol. 2-ethoxyetiianol, 2-(mettioxymethoxy)ethanol. 2-isopro- 
poxyethanol. 2-butoxyethanol. 2-isopentyloxyethanol. furfuryl alcohol, tetrahydrofurfuryt alcohol, diethylene glycol, eth- 
ylene glycol monomethyl ether, diethylene glycol monomethyl ether, diethylene glycd monoethyl ether, diethylene 
glycol monobutyl ether, ti'iethylene glycol, triethylene glycol monomethyl etiier. tetraethylene glycol, propylene glycol 
monomethyl ether, propylene glycol monoetiiyl ether, dipropylene glycol, dipropylene glycol monometiiyl ether, dipro- 
pylene glycol monoetiiyl etiier, tripropylene glycol monomethyl ether, diacetone alcohol, monoethanol amine, thiodigly- 
col. morpholine, N-ethylmorphdine. 2-metiioxyethyl acetate, dietiiylene glycol monoetiiyl ether acetate, and 
hexamethylphosphoramide. These water-soluble organic solvents may be added eitiier alone or in combination of two 
or more according to need. The amount of tiie water-soluble organic solvent added to the ink is preferably 0.1 to 30% 
by weight. 

According to a preferred embodiment of the present invention, a high-vdatile. water-soluble organic sdvent capa- 
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ble of accelerating the drying of the ink is added from the viewpoint of improving image formation rate. Preferred exam- 
ples of such organic solvents include monovalent alcohols, such as methanol, ethanol, 1-propanol. 2-propanol. 1- 
butanol, isobutanol, 2-butanol. and 2-methyl-2'propanol. 

Further, according to a prefen'ed embodiment of the present invention, addition of a pH adjustor is preferred from 

5 the viewpoint of further improving the dispersion stability of the pigment and the resin emulsion. Specific examples of 
pH adjusters include alkali metals, such as sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium cartx)n- 
ate. sodium hydrogencarbonate. potassium carbonate, lithium carbonate, sodium phosphate, potassium phosphate, 
lithium phosphate, potassium dihydrogenphosphate, dipolassium hydrogenphosphate, sodium oxalate, potassium 
oxalate, lithium oxalate, sodium borate, sodium tetraborate, potassium hydrogenphthalate. and potassium hydrogenph- 

10 thalate; and amines, such as ammonia, methylamfne, ethylamlne, diethylamine, and tris(hydroxymethyl)aminomethane 
hydrochloride. 

In the ink composition of the present invention, assistants for ink jet recording inks commonly used in the conven- 
tional ink jet recording inks, such as surface tension modifiers, antimoki, chelating agents, preservatives, rust preven- 
tives, antioxidants, and ultraviolet absorbers, may be added according to need. 

IS The ink conposition of the present invention may be prepared by a conventional method. A preferred method com- 
prises mixing a pigment, a resin dispersant, and water and. if necessary, an additive capable of forming a salt with the 
dispersant together by means of a dispergator. such as a ball mill, a sand mill, an attritor. a roll mill, an agitator mill, a 
Henschel mixer, a colloid mill, an ultrasonic homogenizer, a jet mill, or an Ong mill, dispersing the ingredients until the 
average particle diameter of the pigment reaches 1 00 to 200 nm, and adding suitable other ingredients. Thereafter, f il- 

20 tration using a metallic filter, a membrane filter or the like or centrifugation is preferably carried out in order to rennove 
coarse particles and foreign matter causative of clogging of nozzle holes. 



25 The present invention will be described in more detail with reference to tiie following examples. 



Preparation of ink composition? 



Example 1 



30 



(Pigment) 



Furnace black (C.I. Pigment Black 7) 3.0 wt% 



35 



(Resin dispersant) 


Joncryl 679 (tradename, styrene/acrylic ackJ copolymer, MW: 7.000. AV: 200, manufactured by Johnson 
Polymer Corp.) 


0.6 wt% 



45 





(Additives for resin dispersant) 




Triethandamine 


1.31 wt% 


SO 


2-Propanol 


0.06 wt% 



55 



(Resin emulsion) 



Styrene/acrylic ester resin emulsion (resin solid content: 40 wt%, MFT: about SS^'C) 3.75 wt% 
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(Anionic surfactant) 


Hitenol N07 (tradename, polyoxyethyiene nonylphenyl ether amnfK>nium sulfate, active Ingredient: 92 
wt%. manufactured by Dai-ichI Kogyo Seiyaku Ca, Ltd.) 


0.8 wt% 



10 



15 



(Saccharide) 


Maftitol 


7.0 wt% 



(Humectant) 


Glycerin 
a-Pyn'olidone 


11.0 wt% 
2.0 wt% 



25 



{pH adjuster) 


Potassium hydroxide 


0.1 wt% 



35 


(Preservative) 




Proxel 


0.3 wt% 



40 



45 



(Water) 


Uitrapure water 


70.08 wt% 



An ink composition was prepared as follows. 

At the outset, Joncryl 679, triethanolamine. 2-propanol, and ultrapure water were mixed together, and the mixture 
so was heated to 70''C to completely dissolve the ingredients. The furnace black was then added to the solution, followed 
by premixing for about 30 min. Thereafter. Eiger Motormill (manufactured by Eiger Japan K.K.) was used to disperse 
the furnace black under conditions of bead loading 70% and media diameter 0.7 mm until the average particle diameter 
of the pigment was reduced to 100 nm. After the completion of the dispersing procedure, a styrene/acrylic ester resin 
emulsion, glycerin. 2-pyrrolidone, Hitenol N07, maltitol. potassium hydroxide, and Proxel were added to and mixed with 
55 the dispersion while stirring by means of a mechanical stirrer for one hr. The mixture was filtered under pressure 
through a 5-^m membrane filter to prepare a black ink of Example 1 . 

In this ink of Example 1. glycerin and 2-pyn'olidone were added as humectants. and potassium hydroxide was 
added as a pH adjuster. 
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Example 2 



(Pigment) 


CI. Pigment Yellow 109 
CI. Pigment Yellow 110 


3.0 wt% 
0.5 wt% 



(Resin dispersant) 



Joncryl 679 (tradename, styrene/acrylic acid copolymer, MW: 7.000. AV: 200. manufactured by Johnson 
Polymer Corp.) 



0.7 wt% 



(Additives for resin dispersant) 


Triethanolamine 
2-Propanol 


1.38 wt% 
0.07 wt% 



(Resin emulsion) 



Styrene/acrylic ester resin emulsion (resin solid content: 40 wt%, MFT: about SS^'C) 3.75 wt% 



(Anionic surfactant) 



Hitenol N07 (tradename, polyoxyethyiene nonyiphenyt ether ammonium sulfate, active ingredient: 92 
wt%. manufactured by Dai-ichi Kbgyo Seiyaku Co., Ltd.) 



0.8 wt% 



(Saccharide) 


Maltitol 


7.0 wl% 



(Humectant) 


Glycerin 
2-Pyrrolidone 


9.0 wt% 
2.0 wt% 
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(pH adjustor) 


Potassium hydroxide 


0.1 wt% 



(Preservative) 


Proxel 


0.3 wt% 



(Water) 


Ultrapure water 


71.4wt% 



A yellow \nk of Example 2 was prepared according to the above formulation in the same manner as in Example 1. 
In this ink of Example 2. glycerin and 2-pyrrolidone were added as humectants. and potassium hydroxide was 
added as a pH adjustor. 

Example 3 



(Pigment) 


Qulnacrldone Magenta (C.I. Pigment Red 122) 


3.0 wt% 



(Resin dispersant) 


Joncryl 679 (tradename, styrene/acrylic acid copolymer. MW: 7,000, AV: 200, manufactured by Johnson 
Polymer Corp.) 


0.6 wt% 



(Additives for resin dispersant) 


Triethanolamine 
2-Propanol 


1.31 wt% 
0.06 wt% 



(Resin emulsion) 


Styrene/acrylic ester resin emulsion (resin solid content: 40 wt%, MFT: about SS^'C) 


3.75 wt% 
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(Anionic surfactant) 


Hitenol N07 (tradename, polyoxyethylene nonylphenyl ether ammonium sulfate, active Ingredient: 92 
wt%. manufactured by Dai-ichi l^gyo Seiyaku Co., Ltd.) 


0.8 wt% 



(Saccharide) 


Maltitol 


7.0 wt% 



(Humectant) 


Glycerin 
2-Pyrrolidone 


12.0 wt% 
2.0 wt% 



(pH adjuster) 


Potassium hydroxide 


0.1 wt% 



(Preservative) 


Proxel 


0.3 wt% 



(Water) 


Ultrapure water 


69.08 wt% 



A magenta ink of Example 3 was prepared according to the above formulation in the same manner as in Example 1 . 
in tiiis ink of Example 3, glycerin and 2-pyrrolidone were added as humectants, and potassium hydroxide was 
added as a pH adjustor. 

Example 4 



(Pigment) 


Phthalocyanine blue G (C.I. Pigment Blue 15:3) 


2.0 wt% 
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(Resin dispersant) 


Joncryl 679 (tradename, styrene/acrylic acid copolymer. MW: 7.000, AV: 200. manufactured by Johnson 
Polymer Corp.) 


0.4 wt% 



(Additives for resin dispersant) 


Triethanolamine 
2-Propanol 


1.17wt% 
0.04 wt% 



20 



(Resin emulsion) 



Sfyrene/acryiic ester resin emulsion (resin solid content: 40 wt%, MFT: about 05^*0) 3.75 wt% 



25 





(Anionic surfactant) 


30 


Hitenol N07 (tradename, polyoxyethylene nonylphenyl ether ammonium sul^te, active Ingredient: 92 
wt%. manufactured by Dai-ichi Kogyo Seiyaku Co.. Ltd.) 


0.4 wt% 



35 


(Saccharide) 




Maltitol 


7.0 wt% 



40 





(Humectant) 




Glycerin 


15.0 wt% 


45 


2-'Pyn'olidone 


2.0 wt% 



so 



(pH adjuster) 


Potassium hydroxide 


0.1 wt% 



55 



12 



EP0 812 888A2 



(Preservative) 


Proxel 


0.3 wt% 



(Water) 


Ultrapure water 


67.84 wt% 



A cyan ink of Example 4 was prepared according to the al30ve formulation in the same manner as in Example 1. 
In tiiis ink of Example 4, glycerin and 2-pyrrolidone were added as humectants. and potassium hydroxide was 
added as a plH adjuster. 

Example g 



(Pigment) 


Channel black, (manufactured by Mitsubishi Kasei Corp.) 


0.5 wt% 



(Resin dispersant) 


Joncryl 68 (tradename, styrene/acrylic acid copolymer. MW: 10,000, AV: 195, manufactured by Johnson 
Polymer Corp.) 


0.15wt% 



(Additives for resin dispersant) 


Aminomethylpropanol 
Propylene glycol 


1.0 wt% 
0.1 wt% 



(Resin emulsion) 


Microge! E-1002 (tradename, styrene/acrylic add resin emulsion, resin solid content: 20 wt%, MPT: 
about 80''C, manu^ctured by Nippon Paint Co., Lid.) 


0.5 wt% 



(Anionic surfactant) 


Emal 201 (tradename, polyoxyethytene alkyi ether triethanolamine sulfate, active ingredient: 40 wt%, 
manufactured by Kao Corp.) 


0.03 wt% 
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(Saccharides) 


Glucitol 


0.1 wt% 



(Humectant) 


Glycerin 


0.1 wt% 



(Preservative) 


Proxel 


0.3 wt% 



(Water) 


Ultrapure water 


97.22 wt% 



A black ink of Example 5 was prepared according to the above formuiation in the same manner as in Example 1 . 
In this ink of Example 5, glycerin was added as a humectant. 

Example 6 



(Pigment) 


CI. Pigment Yellow 17 


30.0 wt% 



(Resin dispersant) 


Joncryl 680 (tradename, styrene/acryiic acid copolymer, MW: 3,900, AV: 21 5, manufactured by Johnson 
Polymer Corp.) 


9.0 wt% 



(Additives for resin dispersant) 


Aqueous ammonia (30 wt%) 
2-Propanol 


15.0 wt% 
0.9 wt% 
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(Resin emulsion) 


SAE 1014 (tradename, styrene/acrylic acid resin emulsion, resin solid content: 40 wt%, MFT: 70-90''C. 
manulactured by Nippon Zeon Co.. Ltd.) 


5.0 wt% 



(Anionic surfactant) 


Newcol 1305SN (tradename, polyoxyethylene tridecyl ether sodium sulfate, active ingredient: 30 wt%, 
manufactured by Nippon Nyukazai K.K.) 


5.0 wt% 



(Saccharides) 


Lactose 


0.5 w1% 



(Humectant) 


N-methyl-2-pyrrolidone 


1.0 wt% 



(Water) 


Ultrapure water 


33.6 wt% 



A yellow Ink of Example 6 was prepared according to the above formulation in the same manner as in Example 1 . 
In this ink of Exanrtple 6, N-methyl-2-pyn'olidone was added as a humectant. 

Example 7 



(Pigment) 


Brilliant fast scarlet (C.I. Pigment Red 22) 


10.0 wt% 



(Resin dispersant) 


Joncryl 555 (tradename, styrene/acrylic add copolymer, MW: 5,000, AV: 200, manufactured by Johnson 
Polymer Corp.) 


1.0 wWG 
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(Additives for resin disper- 


sant) 




Morphollne 


2.0 wt% 



(Resin emulsion) 


SG-60 (tradename, styrene/aCTylic resin emulsion, resin solid content: 40 wt%, MFT: 90'C. manufac- 
tured by K.K. Gifu Seramikku Seizouslio) 


12.5 wt% 



(Anionic surfactant) 


Hitenol N17 (tradename, polyoxyethylene nonylphenyl ether ammonium sultote. active ingredient: 92 
wt%, manu^ctured by Dai-iclii Kogyo Seiyaioi Co.. Ltd.) 


5.43 wt% 



(Saccharide) 


Maltitol 
Fructose 


10.0 wt% 
5.0 wt% 



(Humectant) 


Diethylene glycol 

Diethylene glycol monobutyl ether 


30.0 wt% 
1.0 wt% 



(Water) 


Ultrapure water 


23.07 wt% 



A magenta ink of Example 7 was prepared according to the above formulatic^ in the same manner as in Example 1 . 
In this ink of Example 7. diethylene glycol and diethylene glycol monobutyl ether were added as humectanls. 

Example 8 



(Pigment) 


Phthalocyanine blue R (C.I. Pigment Blue 15) 


1.0 wt% 
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(Resin dispersant) 


Joncryl 682 (tradename, styrene/acrylic acid copolymer, MW: 1 .600, AV: 235, manufactured by Johnson 
Polymer Corp.) 


0.1 wt% 



(Additives for resin dispersant) 


Triethanolamine 
2-Propanol 


0.07 wt% 
0.01 wt% 



(Resin emulsion) 


Saivinol SK-200 (tradename, acrylic resin emulsion, resin solid content: 50 wt%. MFT: SO^^C or above, 
manufactured by Saiden Chemical Industry Co.. Ltd.) 


6.0 wt% 



(Anionic surfactant) 


Emal E-70C (tradename, polyoxyethylene lauryl ether sodium sulfate, active ingredient: 70 wt%, manu- 
factured by Kao Corp.) 


1.0 wt% 



(Saccharides) 


Arabinose 


0.04 wt% 


Trehalose 


O.C^wt% 


Cellobiose 


0.03 wt% 



(Humectant) 


Triethylene glycol 


0.1 wt% 
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(Water) 


Ultrapure water 


91.62wt% 



A cyan ink of Exarrple 8 was prepared according to the above formulation in the same manner as in Exanple 1 . 
In this ink of Example 8. triethylene glycol was added as a humectant. 

Example 9 



(Pigment) 


Channel black (CI. Pigment Black 7) 


30.0 wt% 



(Resin dispersant) 


Jonayl 586 (tradename, styrene/acrylic acid copolymer, MW: 3. 1 00, AV: 1 05. manufactured by Johnson 
Polymer Corp.) 


3.0 wt% 



(Additives for resin dispersant) 


Triethanolamine 
2-Propanol 


2.03 wt% 
0.3 wl% 



(Resin emulsion) 


Styrene/acrylic ester resin emulsion (resin solid content: 50 wt%. MFT: 60''C) 


1.0 wt% 



(Anionic surfactant) 


Emal 20T (tradename, polyoxyethylene alkyi ether triethanolamine sulfate, active ingredient: 40 wt%. 0.03 wt% 
manufactured by Kao Corp.) 




(Saccharides) 




Glucitol 40.0 wt% 
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(Water) 


Ultrapure water 


23.64 wt% 



A black ink of Example 9 was prepared according to the atx>ve formulation in the same manner as in Example 1 . 
Example 10 



(Pigment) 



Disazo yellow HR (C. I. Pigment Yellow 83) 5.0 wt% 



(Resin dispersant) 



Joncryl 550 (tradename, styrene/acrylic acid copolymer, MW: 7,500. AV: 200. manufactured by Johnson 
Polymer Corp.) 



0.05 wt% 



(Additives for resin dispersant) 


Aminomethyl propanol 


0.5 wt% 



(Resin emulsion) 



Polyacryionitrile resin emulsion (resin solid content: 50 wt%. MFT: 85''C) 9.0 wt% 



(Anionic surfactant) 



Newcol 560SN (tradename, polyoxyethylene nonylphenyl ether sodium sulfate, active Ingredient: 30 
wt%, manufactured by Nippon Nyukazai K.K.) 



5.0 wt% 



(Saccharides) 


Lactose 


7.0 wt% 
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(Water) 


Uitrapure water 


73.45 wt% 



A yellow Ink of Example 10 was prepared according to the above formulation in the same manner as in Example 1 . 
Example 11 



(Pigment) 



Brilliant camiine 6B (CI. Pigment Red 57:1) 8.0 wt% 



(Resin dispersant) 


B-36 (tradename, styrene/acryfic acid copolymer, MW: 6.800, AV: 250, manufactured by Johnson Pol- 
ymer Corp.) 


0.08 wt% 



(Additives for resin dispersant) 


Aminomethyl propanol 


0.8 wt% 



(Resin emulsion) 


Polystyrene resin emulsion (resin solid content: 50 wt%. MFT: 100*^0) 


0.4 wt% 



(Anionic surfactant) 


Levenol WZ (tradename, polyaxyethylene alkylphenyl ether sodium sulfate, active ingredient: 26 wt%. 
manufactured by Kao Corp.) 


1.0 wt% 



(Saccharides) 


Ribose 


3.0 wt% 


Cellobiose 


2.5 wt% 


a-Cydodextrin 


5.0 wt% 
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(pH adjustor) 


Potassium phosphate 


0.62 wt% 



(Water) 


Ultrapure water 


80.6 wt% 



A magenta ink of Example 1 1 was prepared according to the above formulation in the same manner as in Example 

1. 

In this ink of Example 1 1 . potassium phosphate was added as a pH adjustor. 

Example 12 



(Pigment) 



Phthalocyanine blue E (C.I. Pigment Blue 15:6) 23.0 wt% 



(Resin dispersant) 


Styrene/methacrylic ackj copolymer 


5.29 wt% 



(Additive for resin dispersant) 


Triethandamine 


4.0 wt% 



(Resin emulsion) 


Polystyrene resin emulsion (resin solid content: 35 wt%, MFT: 1 lO^'C) 


8.0 wt% 



(Anionic surfactant) 


Hitenol 12 (tradename, polyoxyethylene alkyi ether ammonium sulfate, active ingredient: 92 wt%, man- 
ufactured by Dal-ichi Kogyo Seiyaku Co.. Ltd.) 


1.36 wt% 
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(Saccharides) 


Suaose 


21.7 wt% 



(Water) 


Ultrapure water 


36.65 wt% 



A cyan ink of Exanrple 12 was prepared according to the above formulation in the same manner as in Example 1 . 
Comparative Example 1 



(Pigment) 



Carbon Black MCF-88 (tradename, manufactured by Mitsubishi Kasei Corp.) 7.5 wt% 



(Resin dispersant) 


Styrene/acrylic add/ethyl acrylate copolymer (acid value 153, weight-average molecular weight 
10.000) 


2.5 wt% 



(Additives for resin dispersant) 


Monoethanoiamine 


0.75 wt% 



(Water-soluble organic solvents) 


Ethylene glycol 


10.5 wt% 


Diethylene glycol 


10.0 wt% 


Ethanot 


6.5 wt% 



(Resin emulsion) 


PB-300 (tradename, manufectured by Kao Corp.) 


20.0 wt% 
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(Water) 


5 


Ultrapure water 


42.25 wt% 



10 



IS 



20 



An ink composition was prepared as follows. 

At the outset, a styrene/aaylic acid/ethyl acrylate copolymer, monoethanolamine, uttrapure water, and ethylene 
glycol were mixed together, and the mixture was heated to IQ'^C to completely dissolve the resin. The carbon black and 
ethanol were then added to the solution, followed by premixing for about 30 min. Thereafter. Elger Motormill (manufac- 
tured by Elger Japan K.K.) was used to disperse the carbon black under conditions of bead loading 70% and media 
diameter 0.7 mm until the average particle diameter of the pigment was reduced to 100 nm. After the completion of the 
dispersing procedure, diethylene glycol and PB-300 were added to and mixed with the dispersion while stirring by 
means of a mechanical stirrer for one hr. The mixture was filtered under pressure through a 5-|im membrane filter to 
prepare a black ink of Comparative Example 1. 

In this ink of Comparative Example 1. neither the saccharUe nor the anionic surfactant having a polyoxyethylene 
group was added. 

Comparative Example 2 



A black ink of Comparative Example 2 was prepared in the same formulation and manner as in Example 1 , except 
that Hitenol N07, an anionic surfactant having a polyoxyethylene group, was not added and the ultrapure water was 
25 used in an amount of 70.88% by weight. 

Preparation of recording medium 



30 



Recording medium 1 



(Water-soluble resin) 



35 



Polyvinyl alcohol (tradename: Denka Poval K-17. saponlficaticm value 99 mol%. MW: 75,000. manu- 
factured by Denki l^gaku Kbgyo K.K.) 



10.0 wt% 



40 


(Water) 




Ultrapure water 


90.0 wt% 



45 

The above Ingredients were mixed and dissolved in each other to prepare a resin solution which was then coated 
on a 1 00 Min-thick PVC film by means of a bar coater. followed by drying in a thermostatic chamber of GO^'C for 2 days 
to prepare a recording medium 1 having a resin layer thickness of 10 ^m. 

so Recording medium 2 



(Water-soluble resin) 



55 



Partially butyrated polyvinyl alcohol (tradename: BX-5, manufactured by Sekisui Chemical Co., Ltd.) 10.0 wt% 
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(Organic solvent) 


Ethanol 
Toluene 


45.0 wt% 
45.0 w1% 



10 

The above Ingredients were mixed and dissolved In each other to prepare a resin solution which was then coated 
on a 1 00 |im-thick PET film by means of a bar coater, followed by drying to prepare a recording medium 2 having a resin 
layer thickness of 30 \m. 

15 Rffl^Qrclinq m^iMm3 





(Water-soluble resin) 


20 


Polyvinyl alcohol (tradename: Kuraray Poval PVA 117. saponification value 99 mol%. MW: 90,000, 
manufactured by Kuraray Co.. Ltd.) 


1.0 wt% 


25 










(Additives) 




Silica (average particle diameter 15 ^m. average pore diameter 150 A. pore volume 1 .6 cc/g) 




1.0 wt% 


30 


Alumina (tradename: AS-3 (solid content 7 wt%), manufactured by Catalysts and Chemicals Industries 
Co., Ltd.) 




25.0 wt% 



35 



(Water) 


Ultrapure water 


73.0 wt% 



40 

The above Ingredients were mixed by stirring and a mixture was then coated on a PET film by means of a bar 
coater. followed by drying in a thermostatic chamber of ISO^'C for 3 hr to prepare a recording medium 3 having a resin 
layer thickness of 5 ^m. 

45 

Pecordinq medium 4 

A recording medium 4 having a resin layer thickness of 10 fim was prepared in the same formation and manner as 
described above in connection with the recording medium 3, except that Hitenol N07. an anionic surfactant, was added 



50 


In an amount of 0.5% by weight and the ultrapure water was added In an anfiount of 72.5% by weight. 

Recording medium 5 




55 


(Water-soluble resin) 




Styrene/acrylic acid copolymer(tradename: Joncryl 68 (MW: 10,000. AV: 195, manufactured by John- 
son Polymer Corp.) 


10.0 wt% 
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(Additives for water-soluble resin) 


Aqueous ammonia (28 wt%) 


3.0 wt% 



10 


(Water) 




UKrapure water 


87.0 wl% 



IS 

The above ingredients were mixed and dissolved in each other to prepare a resin solution which was then coated 
on a 1 00 [xm-thick PVC film by means of a bar coater, followed by drying in a thermostatic chanrlber of 60*^0 for 2 days 
to prepare a recording medium 5 having a resin layer thickness of 20 ^m. 

20 Recordino medium 6 

A recording medium 6 having a resin layer thickness of 25 ^m was prepared in the same formation and manner as 
described above in connection with the recording medium 5, except that Nissan Nonion K-230 (tradename, polyoxyeth- 
ylene lauryl ether, manufactured by Nippon Oils & Fats Co., Ltd.). a nonionic surfactant, was added in an amount of 
£5 0.5% by weight and the ultrapure water was added in an anfiount of 86.5% by weight 

Recordino medium 7 

A recording medium 7 having a resin layer thickness of 1 5 fim was prepared in the same formation and manner as 
30 described above in connection with the recording medium 5. except that Hitenol N07. an anionic surfactant, was added 
in an amount of 0.5% by weight and the ultrapure water was added in an amount of 86.5% by weight 

Evaluation of properties of ink composition 

35 The properties of the above ink compositions were evaluated as fbltows. 

Evaluation 1 : doaoina of nozzle 

The ink composition was filled into a head of MJ-700V2C (tradename, manufactured by Seiko Epson Corporation), 
40 and all the nozzles were confirmed to satisfactorily eject the ink under conditions of response frequency 3.6 kHz, reso- 
lution 360 dots/inch, and amount of ink ejection 50 ng/dot The head was then allowed to stand without capping under 
conditions of 40*^0 and 25% RH for two weeks. Thereafter, cleaning operation of tiie head was performed, followed by 
printing on XEROX-P (tradename, manufactured Fuji Xerox Co., Ltd.). Evaluation was done, for clogging of the nozzles 
due to drying of the ink, based on the number of cleaning operations necessary for eliminating such an ejection problem 
45 that ink droplets are ejected with trajectories non-perpendlcular to tiie print head, or the ink coukj not be ejected. 
Evaluation criteria were as follows. 

A: Repetition of 0 to 3 cleaning operations was necessary for yielding an image having quality equal to that 
obtained in the original printing. 
50 B: Repetition of 4 to 6 cleaning operations was necessary for yielding an image having quality equal to that 
obtained in tiie original printing. 

C: Repetition of 7 to 10 cleaning operations was necessary for yielding an image having quality equal to that 
obtained in the original printing. 

D: The ejection problem could not be solved even after repetition of 11 or more cleaning operations. 

55 

Ev^lggtipn 2: Int^rmHtgnt ink gj^pn stability 

The ink was loaded in MJ-700V2C, and an image was printed by one line under the same conditions as used above 
in the evaluation of tiie ink as to clogging of tiie nozzle due to drying of tiie ink in an environment of 15''C and 20% RH. 
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Thereafter, the formation of the image was suspended for a given period of time and then restarted. The stability of the 
ink was evaluated based on the suspension time which caused the first dot at the restart of the image formation to be 
missed or to be ejected with a trajectory non-perpendicular to the print head. 
Evaluation aiteria were as follows. 

5 

A: Suspension time of 20 sec or longer 
B: Suspension time of 10 to 20 sec 
C: Suspension time of 5 to 10 sec 
D: Suspension time of less than 5 sec 

10 

Evaluation 3: Image quality 

The ink was loaded in MJ-700V2C, and an image was printed on recording media 1 to 4, prepared atx>ve» under 
conditions of response frequency 3.6 kHz, resolution 360 dots/inch, and amount of ink ejection 50 ng/dot in an environ- 
15 ment of 20 to 25*'C and 40 to 60% RH. The printed image in its blotted image area was examined visually and under a 
microscope (magnification: 100 times). 

Evaluation criteria were as follows. 

A: The results of both the visual examination and the examination under a microscope showed the absence of 
20 dropout in the blotted image area. 

B: The results of the examination under a nfiicrosGope showed the presence of some dropout in the blotted Image 
area, with the results of the visual examination showing the absence of dropout in the blotted image area. 
C: The results of the visual examination showed slight dropout in the blotted image area. 
D: Dropouts were easily found in the blotted image area by the visual examination. 

25 

The results of the above tests were as summarized in the following table. 
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Evaluation 4: (mage qualitY (OP value) 

The reflection OD value of the image, formed in the above evaluation 3, in its blotted image area was measured 
with Macbeth PCMIl. 
5 The results were as tabulated in the following Table 2. 



Table 2 





Evaluation 4 




Recording medium 




1 


2 


3 


4 


Ex.1 


1.78 


1.81 


1.96 


2.01 


Ex. 13 


1.61 


1.68 


1.74 


1.80 



The ink composition of Example 1 3 was the same as that of Example 1 except that the resin emulsion and saccha- 
20 ride were not added. 

Claims 

1 . An ink composition for Inkjet recording on a recording medium, comprising a pigment as a colorant, an anionic sur^ 
25 factant having a polyoxyethylene group, a dispersant, and water, wherein said recording medium comprises a sub- 
strate bearing a layer comprising a water-soluble resin. 

2. The ink composition according to daim 1 . which further comprises a resin emulsion and/or a saccharide. 

30 3. The ink composition according to claim 2. which comprises 0.5 to 30% by weight of the pigment. 0.1 to 5% by 
weight, in terms of resin solid content, of the resin emulsion, 0.01 to 5% by weight of the anbnic surfactant having 
a polyoxyethylene group, and 0.1 to 40% by weight of the saccharide. 

4. The ink composition according to any one of claims 1 to 3. wherein the anionic surfactant is polyoxyethylene non- 
55 yiphenyl ether sulfate. 

5. The ink composition according to any one of claims 1 to 4, wherein the dispersant is a styrene/acrylic ackJ copoly- 
mer. 

40 6. The ink composition according to claim 5, wherein the styrene/acrylic add copolymer has a molecular weight of 
1 ,600 to 25,000 and an acki value of 1 00 to 250. 

7. The ink composition according to any one of claims 1 to 6, which further comprises 0.1 to 30% by weight of a 
humectant. 

45 

8. The ink composition according to any one of claims 1 to 7, wherein the water-soluble resin is selected from pdyvi- 
nyl alcohol and/or a polyvinyl alcohol derivative. 

9. An ink jet recording method comprising the steps of: ejecting droplets of an ink composition and depositing the 
so droplets onto a recording medium to form an image, 

the ink composition being one according to any one of claims 1 to 8. 

the recording medium comprising a substrate bearing a layer comprising a water-soluble resin. 

10. A record medium recorded by the recording method according to claim 9. 

55 
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